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1.3 KA *
1.3.1 FEf & AL EE WLEREE A RIS %
Dai 4P 5k, NIBKE H-EGC Wil & 7 Lan T .
ALER & A U0 E B T 20 mmol/L Tris—HCI (0.5
mol/L, NaCl,pH 7.0), 5[] I & ¥ & 1) EGC
WAL MILBNR &5, EHREFREEKE 10
mg/mL, EGC 15 2 it 2 ¥ i 24 20,40,60 pg/mL,
VAL 50 mL, X BEZH R A0S R 4l K 4 ILER
B, 50 mL W ULERE F-EGC W 7E Wk o
(400 W) i 90 s, AR 58 B 57 BB VK IE h %
HLIFHA 4 CokFaP A& .
1.32 HAREGERMNE EARKESES
HE /N O 7 3 I
1.33 HEHAHmESTERME FRIR 2.00 g i
M5 10 mL,50 mmol/L W B2 & 22 # ik (pH 6.0) 1R
A %, IFE L 10 min(12 000 t/min,4 °C) , B
T W B BB vk B R THIAE 5 mg/ml AN
SERIE S B E S Jiang SR IR
1.34 ZRBEARSENE JHENBREA-
EGC T AYEE F R N 1 mg/mL, 0% £ i A9
PR P RGP KR 420 nm, BRI K N
325 nm, & B FUSCOE PR EE SEFE Y A 2.5 nm,
1.3.5 WLEKER 11 I8 2 O R0 [R] 25 9 Sl 5 B i
2 I E 2 R Zhang ZF8F1 Wu EPR 7L %
i 2R A T VR EE TR B 0.5 mg/mL, PIRZE
I K A A 295 nm, AL, A 310~510 nm., [A]
N A N 260~510 nm, AX (AA=A,,-A,) BEE
15 nm F1 60 nm, 535714 3 & 22 1 64 202 1 1k
IEE . TA ORI R SRS TE BBl 2.5 nm,
1.3.6  JILBRE B a5k KRR E R
JT R B R B A 0.2 mg/mL, [R]85 S5
Xul55 1 77 vk o MR 20 1 mm PG I, 30 I
4 195~260 nm, 94 # £ 24 60 nm/min
1.3.7 ARSI R E IR A
IR 20 pg/mL, FESVBTETCE T 0 = B
b4 CHET TR S MR AT Ak ik 3 Ik, &
FrZamEha, BAERER 10 pmx10 pm,
1.3.8 WERE A5 EGC 4 T X K oy 1 8 J1 2%
Bl (R A R AR R VT4 7 1 5 % Zhang 251
M7k, BIAREE I NCBI £cdi 22 (https : //www.ncbi.

nlm.nih.gov/) ,NCBI 2% J3 51| 3 XP_028442143.1,
K XP_028442143.1 # H A5 #5 B i A SWISS -
MODEL (https ; //swissmodel.expasy.org/ ) , 1 HUAH 1)
& 30% L) b By AR B N7 AH Y 3D 45 i it
SAVES6.0 (https://saves.mbi.ucla.edu/) ' WITH-
CHECK ,PROCHECK ,ERRAT ,PROVE #1 VERIFY
3D PR R 0T T R AR Al A A = 2 45 A Y 3 R
A BEEIEAT VAN . PB4 i I 0 d i 10 ULk 2
F1 3D 454 (PDB ID: 6YSY.1) #4774y FHE4,
EGC (Pubchem CID: 72277) 19 = 42459 i Pub-
Chem (https : //pubchem.ncbi.nlm.nih.gov/) K HX
JUBEREE AT EGC 2Z 8] A AH 5.4 A 1 BIOVIA
Discovery studio 2017 R2 % F il , 6YSY.1 7
X Z AT RE AL AL, B BRI A EGC W i1y
fett /b, R CDOCKER Fikxffi . WEkE
FI-EGC & & W H) I FAF8E PE7E Gromacs 2019.4
e P b AT B, T B S S
Harish "1 Zhang SEMRA 50 S50,
1.3.9 #dEHHr R Origin 2022 1 SPSS 25.0
BEATHEIT 22 o B A A A B, G5 SR LIS IE
PREZERIR

2 HBRE5HSH
21 MXKZEEHEIETH

WEL 1 R SO HI Xk BRZH B R
0.76 nmol/mg pro, EGC &b 3 20 Y i B 7 15t 5 % 1]
I35 2200 (P>0.05) o B JR AN [R) Ak BEL
BRAR BRI 5 8 2 T, O X R
4 o K& 5 B 38 B B 5, A 5.60 nmol/mg pro, i
Uik S @I R S e S e AN e S IO U E R A
PPE BT B, 35 PR 40 (ROS) (Il B 8k A5 1 4R
AR G I, AR EE X R EGC Ak H 4 A B ik
ik PR (P<0.05) , 17 HLBE EGC B it & J& #)
B, EGC AE 28 ik Hk i T i 4 SR AT g
J2 EGC WY AL 15 IR HE A Bk & A= L, B i &
B AL BN, 53— 7 I EGC A PR
RETT, Al PRI FE MR M B , By 1R L4 fk . EGC fEiE
i RSN AR HIFD LA 1 5 WLBR EE 8 i D AR
TE LAY ARG I By ok 1 A AL Bt
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22 MHREAATETK

SVHLBL Y i RO TR TR AR AR B Ui
BHmAERERARNRENShREEEEH, 5
S A T 4R 2 MR, AR BRI
L7 S NI B U = W e o L e [ | R i e
J ST X R A Bl U A B R B Y i W (P<
0.05) /& T ikl b RS RS & &, fulisl b BE AT
XF HRAH S B i d R, O 279.49 nmol/mg pro.,
B EGC [t i ik B O3 0, S0 & ol .
Ab B R S FE I A R T LU R R EGC Y 3k
i 3 S A SR A B S R 1 T S A T kA A
HAER LT BEisE &, ik abBEE xR
BEIL SRR E TR, e B o ks 2 ek
E AL AL, T EGC M A SR LR #
AR JE B EGC 1 ¥ JE 38 2o A A1 A0 A
5 2 A R B A R AR A EAE
23 “REBEEBIENTNK

fit 2 R by % F ROS 1) ik i T 1 i 2 R
H2E, MMERAMRESS S —FEER A ki
BN A R R, Ak DA S S A P 2 L
SR T B SR8 5 s A R, R
SRR T8 AR T R 1 A AR 1 T T SR T R 4
FREEUS ) ply 8] 3 R, OB B R I AR A X
R LB TR R R AR SR
N TR T AR 2 2 1 I S R Y i — R AR s
WE S5 IRALAH L, B EGC W WLEREE (1 i) —
REAR S LH (P<0.05) KRTXEA, HY
EGC Iy it vk B 2 SAH G &, U EGC FRIK T
A Z H AR KOF B IR [ 3t i R R L Uk
DT ZRBEATR B A R EGC W] LU R
Fidk, BH IR ER [ 3 D F 5L 3 A 2 U
T, BH 1k 2R 2R 1 AR
24 MHREARBERAARSRANETH

PR IR % 56 AT LA e LR R 1 1 = g 5 AR
A, WP E T T i 2 R A0 52 R 5 18]
B ARG, B B da BT B0 2 i, EGC J5 5 vk
JEE 1 184 T B0 R 9 G RR AR, IX Y Zhao SF!
HRIE 2 R — 2, B A RIS R S T R
MR EFRES G, B MO KIS, EGC
WEAREWFRES SEARMEEIEN, Bl
S Jk DA 3 P10 R B A P 1 5, 5 B0 O e el
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Fig.1 Effects of EGC on carbonyls content of myosin
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Fig.3 Effects of EGC on dityrosine content of myosin
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Fig.4 Changes of different mass concentrations EGC—-myosin in fluorescence characteristics

25 MKEAZREHTH

T gy A JULBR B 1 a-BRE & O 72.50% ,
B-H1& & 5 h 3.80% 8- & & H 11.00%, Tt
L il & 11.70% (£ 1), a—12e 45 #4 2 L
BREE AP R A TSR, 4R LR
R E M BT B EGC T it vk B 1
I, o SRR LS B R R SE IR TR,
60 wg/mL EGC ZH MUK F1 1Y o— MR E 1 3 1 B .
BT & B MM IC I E i B % EGC Jit it vk
Hon SRS B T eT DL i
S 7K A B A R R BV B R AR R -
M2 B AR G PP 60 pg/mL EGC FEAK 4%

SEAE Y R TE B o U P v O R B Y 22 1 T g
S AR AT A 1 0T IR A BRI R AR T S Y
FHE, AR T WUERE (1 A5 R v B
PIF X BERYLR EGC AL R (1Y) -2 BEREAI , 1 8-
Pr& B M ATC RN G ih & =, FiE EGC
JE R R T R o MR E S R B S R R
20 we/mL EGC 211 o—BRJE & &t i X 4L, Al-
Shabib ZEPIEGHF 78 ot & L 10 wmol/L 7 T #H 4%
F 5 wmol/L MM FEAR T B-FLERE 119 - 1R JE &
YW I TR TR R N R R RS
PR RS E M R RE AT AR KA 5

F1 TRAERNKEAN _REMIENTL

Table 1 Changes of secondary structure content of myosin in different samples
a—¥% %1% B3 & 1% B-%% 1% T AL A w1/ %
TR AT xR 72.50 £ 0.03* 3.80 £ 0.01* 11.00 + 0.00" 11.70 £ 0.01"
20 pg/mL EGC 83.50 £ 0.01* 2.10 £ 0.02" 9.20 + 0.00% 7.30 £ 0.00%
40 pg/mL EGC 87.80 + 0.02M 1.50 £ 0.00™ 8.30 + 0.00™ 5.40 £ 0.00*
60 pg/mL EGC 63.20 + 0.06™ 5.50 +0.01™ 12.30 £ 0.01* 14.70 £ 0.02"
fR I Xt B 63.00 £ 0.06™ 5.80 £ 0.01™ 12.50 £ 0.01* 26.00 + 0.02%
20 pg/mL EGC 64.30 + 0.00™ 5.60 £ 0.01™ 12.10 £ 0.01* 17.10 £ 0.01™
40 pg/mL EGC 44.40 £ 0.01" 11.10 £ 0.01™ 14.70 £ 0.01® 26.20 £ 0.02"
60 pg/mL EGC 29.10 £ 0.02% 40.30 £ 0.01™ 17.40 + 0.00™ 35.80 £ 0.01™

TE B B = R E2E (SD) 5 /NG - RE R 18] 327 8] — 51 KOt 2 )7 7 W 35 02 53 (P<0.05) 3 IR 5 5 B S 7] 32w [l — 47 88l 22 Wl 4718

2R (P<0.05),
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STECN/ S R RTA T € R R -3¢ o = BOEUR T SN 2
A LATE AR IR iy B4 D0 1 S R 2 19 J5i ) 2 1 B
A S (] ERURR N, S RILERE S5 A
[F] B v B2 H) EGC 455 Ja HOR A/ i A8 1k . R
SR UEREE 1 — B UJC P SR A fRlOR B AR 1 JE X
O AR ARSI, HoR R R AN M 40 nm, Bl
EGC Bl 1 T, 8 )2 19 )5 8 W] A1
EGC Ak BRAL ) UK SR /N R R T A % | 3 )

(5114

Height/nm

Lengt];/um
()t AT 0.4 mg/mlL. EGC 41

=958

Height/nm

f%%mm

(e) WG e xf it 21

(g) 5 0.4 mg/mL EGC 41

B, Hofe K0 R BRI = 12~40 nm, F£ 195 5 #i 7F
FARFEM , LA, 60 we/ml EGC kb BELL ) ILER &
FE BUR R A, Hg & 2 50 nm, B8] 5 T 2
W) EGC 25 5 5 2 WUk 85 11 1 2o J3 3R 4 Fn s
5K, XoF B 1 O ) B O 25 A A RS )

A BRI , it i WLER B SR AR B R Y
WUEREE FRE, U6 BA S $0 S nl fi 1F LBk 2 1
] e B R AL RN TP ARG A , x B g Lk 2
e BRI, TV A 5 1 2 SRR 1A (300

5]
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(b) I 1T 0.2 mg/ml, EGC 41
o
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120

I S
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L
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Fig.5 Microstructural changes of EGC-myosin



48 hoE B

M

2024 455 2 #)

nm) , FLAE 150 i 78 R R TDRURE BN 5, St
HRZLAH b, B EGC ot it e B 1 7 =, WLk 3 1
R ERA /N IEEAR L (120~160 nm) , K [ &
AR, SR, 60 we/mL EGC Ab B iy fILER
T IR AT B O FL e 2 e B
BOE , AR AR AR R RLRE B T SEnT
(A BIF 9 8 28 0F BA 2% 22 B mT A3 3 B 0 SE R
T 2T 2k 1) o B RN B 5 SR, B 25 % 22 T 7 S (1 3
T, e AT AR 3 7E WUBLET 4 b, 3850 43 ) A AF 1
YEHT, R P EGC N A AR R fESE 4
BH I WUERZE (IR A, (R S 35 PR AIE T LBk 2
IS LR AR
2.7 HFHAFEMEGC-NKELRREEN
270 5T S R R b R LER B -
EGC 5 WMt ErE  NEIENEKEH-EGC &
B YFERB MG T R e, RS T3
JI2EREA, W DAR 4 R R A Y i IR E
PESEATIEAN

¥ 97 M 2% (Root mean square deviation,
RMSD) %R 5 —B 2 5 5 H ARt 2 A i+
i 25 PR TR 2 R R R A R A AR L
Bl 6a 1] LLF H , 76 HL 5 RO AR T A6
A AR GR AT B 2l LER 2 R &R 1 RMSD
(B, B I S5 A i 2l LBk & 1 LBR 2R I -EGC
HAEWIRZR N RMSD fH7E 5 ns ZJ5 5t H 38 2
T, R AT AR ROE RES . TE 0~
100 ns Hif [ A Jih Jin sk 82 Ha 37 R Tk 2% 1 1) LR 2
F1 9 RMSD {H 4 0.319+0.067 , 1 /il 34 5k H 37 A1
HEAMNERE R . IIERE H-EGC E 4 WTE 0~
100 ns B 8] Bt 9 RMSD {43518 (0.458 + 0.114)
F1(0.389 £ 0.80) , A HE BT (0] 14 F ok F | WLER
FEH-EGC S5 F8a0E MR T WUEREE e e v, X i
HILER 3 (5 EGC M E & W 7E U T 4544
HNARE

El 6b > B AT |5 B A SRR AR L Y Uy
2 (Root mean square fluctuation, RMSF) ) 35 7%
A, AE R B T2 B R B B 1 3 M RN
AR EERE, ol LUT #2821
SR AR HE 1) R IR 0 ARk . BT RT LU it in
FHE S LR E . Lk E F-EGC R &R 1Y
RMSF {H7E K537 9 Faasgmey, HAE S TR

SRILEREE 1, RMSF {E T . FHE 3% T Y
WUERE A > LBR R H-EGC> R AR WLERE 1, Ul L
BREE M -EGC el L3 AR Mo ey, I TR ok
SRS BT /Nt T R i WLER B 1 7E O~
50,120~180,260~280,380~420 11 £ 500~580 fii
B A IR S AR s LK EE FH-EGC W2 7E 0~
50,380~400 13 1 500~580 {7 4% 3 HH Bk shds K,
EGC &b 38 (14 JIUBK B 11 0 5% 6 AH 55 1 it n 713 F
i (5t BREA AR AL/ A5 MRS E

Kl 6c Ry 4R 5 R F i R K 4 7 Z 1]
TE B I R B B s ] () AR Ak, SRR E R
T AR E AR DT, X a- 1R e g7 S
U EMEAE R [FRE Y, SRR A 25 58 i 2R T 2 (]
AR A A B S FEBEAS 100 ns PRERLE ]
o it 1 R, 3 R (4 JULBR 2B 1 45 8 L K 4y TR
BRI U, HL7E R A o AR v SR A 4y R
— K B e RS, TR T Ik E
H WEKE H-EGC B & YK &R i & s 50s T 1%,
FoE bz N, UL TR L SRR R
0T 53 o) i VAR VR, AT £330 i A 1
JRBE A R | 2% 5% Hh B K S 0/ 5K 5y 2Z Y
PHEAEM ., 76 80ns Ja , FHRA S FHEE S E T
REARSZ AT RE 2 R Ay I At I o) 2 P o A R A
WAE 5 i 3 A fii 25 1 J5 22 iRk =2 1) il 43 7 2
1) S I T3l 2P B A AU B B RRE
80 ns J7 , 5 A T X HEALAH LE , WLBK B -
EGC &V & it ih 2 iU SioE 20N SRk
HY5 EGC Z W0 &E 4 Y 7E 7+ i v 3 v S05E i
SATNAE B0 B3 /IS Z5 R 3 AR

] 6d > F 1R AT i S 3% 1 FR B s ] 1) A2 4L
A B 3 T AT LA S A 2R v i 3R O 6 i K B i
TR /N, B, B 7K T i 1A 2 0 R iR 22
SEAR R R 25 | 5 KR B o T R R AT X
M 5 s WLBRER H-EGC 1y a] i f 3% 1 AR AR
LB AER A KK 25, #H 2T
ot WA ZH A AL A i e 37 RN R IS ILER B 19 A i
R R ARGERF AR, S Py I LBR 2 1 46
FARGE , 2 BREE A AR, 5K o PR AL/, Bl
BiREWFm MBS ERN, PUBRE SRS &
FE RGN, 2 BT O L SO AR R T Ay
T = REER A BAE BRI, B B AsA JE T
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Fig.6 Molecular dynamicssimulation of EGC-myosin

% N R BRI R B 5 K W R i AL, THIR
B3 N BLER B A -EGC, n] ¥ K 2% i AU 3560 T
RARGER v g2 h T2 LRk B BE 5 EGC 45
B UERE T S5 RS E M, IR R AR I R G A
AN B T IREE AR AT B e 4, IkAh BN EGC
HEAT WUERER (10 B K M s iR 2 0], JB T S
B KA EAER, BrAfE— e BB FRE T ek
B MEEH, DT AR TR f 3 R A28 fE AN 4
SRR AR LR, B EGC SR E L2 5,
T T HAE RO FHR M ST AR e, B
Mkt WLERER 12 PR 3R L 3 THIE R BE 2k 25
WL G LR NI AR E PEREAR 1T 5 EGC 454G
ZJa, A DA SO AR R BT R AR U L TR R
B TR (AR e

272 ST IR R FIERE A S
EGC 45 &Rt I 7 vl %, /NyFReiks

Lys599 ,Asn600 J& i &0 i, Sl BRI EE B y 1.9 A AN
1.7 A, A, /N F KRS Leu270 116481
Val650 Leud76 18 )5 18 s K V5 1T, B0 85 43
M 4.2,56,3.6,4.14,

K8 MALERE M5 EGC ZM45A A e
o3 AL S AR AE ) (van der Waal energy) | i
FBE (Electrostatic energy) . ¥ 51k HE (Polar
solvation energy) LA N 5 /KA H] (SASA energy) . H
K8 nl A, WLERE 15 EGC Z [8] ({5 184 J)
1 =174.299 kJ/mol , # HiL HE 4 —65.998 kJ/mol , #% P
B AE R 157.656 kJ/mol, B /K 1 I A -16.380
kJ/mol , & (R 45 4 iE M -99.021 kJ/mol , 7 E4E H
JIRNHREAE R 1 W Z R R AR, R4S
A RERY TTMR L 98 R AL, TR 2 WA X A
S5 G S A Y 2 SR R AR B 4 Leu-270,
Leu-476 Val-650 % ,
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Table 2 Amino acid residues that are major contributors to binding free energy
SL A kA EH R A/ AR TR R AL AR/ BoRAE R/ IS

kJ-mol™! kJ - mol™ kJ - mol™ kJ-mol™!

Leu-270 -12.9194 6.9645 -0.5978 -6.5581
Leu-271 -7.5970 5.9787 -0.2852 -1.8996
Glu-272 -2.9296 1.8483 -0.1863 -1.2662
Glu-436 -2.2801 1.1059 0.0000 -1.1730
le-465 -2.1083 0.6665 -0.2433 -1.6856
Leu-476 -4.7707 0.0438 -0.2501 -4.9731
Cys—480 -8.8630 5.0522 -0.6447 —-4.4549
le-481 -5.0032 0.0379 -0.3887 -5.3548
Lys—-599 -8.2841 6.2212 -0.2080 -2.2707
Asn-600 -9.7275 5.9930 -0.0849 -3.8184
Asp-602 -2.4220 1.2812 0.0000 -1.1383
Val-650 -6.1603 -0.6101 -0.4201 -7.1906
Ser-651 -2.7296 0.2795 -0.0663 -2.5153
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Effects of Epigallocatechin on Myosin of Sea Bass Oxidation Caused by Microwave Heating

Li Yingchang, Dong Gaoyuan, Cui Lei, Yi Shumin®, Lii Yanfang
(College of Food Science and Technology, Bohai University, National and Local Joint Engineering Research Center for
Storage , Processing and Safety Conirol Technology of Fresh Agricultural Products, Jinzhou 121013, Liaoning)

Abstract In order to study the effect of epigallocatechin on the oxidation of myosin in sea bass under microwave heat-
ing, differentmass concentrations of epigallocatechin (20,40 pg/mL and 60 pg/mL) were used to inhibit myosin oxidation
and study the mechanism of its effect on myosin. EGC could delay the increase of carbonyl content and dityrosine of
myosin and the decrease of total sulthydryl content after microwave treatment. Carbonyl content was reduced by 19.82%-—
72.67% compared with the control. AFM showed that the myosin treated with EGC were small and evenly distributed.
Microwave induced myosin to unfold and increased fluorescence intensity. EGC maintained the relative stability of the ter-
tiary structures and delayed the increase of fluorescence intensity.Before microwave, low mass concentration EGC (20, 40
pg/mL) significantly increased o« — helix content and maintained the stability of myosin secondary structure. After mi-
crowave, 20 wg/mL. EGC maintained the stability of secondary structure. Molecular dynamics simulation showed that RMSF
and RMSD value of myosin—-EGC decreased, SASA decreased, secondary structure fluctuation decreased. It was found
that myosin enhanced the stability of the complex under heating electric field by hydrogen bonding and hydrophobic in-
teraction with EGC.

Keywords microwave; epigallocatechin; sea bass; myosin; oxidation



